Abstract. Proliferating cell nuclear antigen (PCNA) is a nuclear protein synthesized in the late G1 and S phase of the cell cycle, and immunohistochemical detection of the protein represents a useful marker for the proliferating fraction of cells in tissue specimens. PCNA expression was studied in odontogenic keratocysts (n = 15) and ameloblastomas (n = 46) using an avidin-biotin-peroxidase complex method on routinely processed paraffin sections. The percentage of PCNA-positive cells determined by point counting was significantly lower in the ameloblastomas (mean 9.4%, standard deviation (SD) 11.0) than in odontogenic keratocysts (mean 29.9%, SD 24.0). In ameloblastomas, the mean percentage of PCNA-positive cells was lowest in the acanthomatous pattern and highest in plexiform pattern. The mean percentage of PCNA-positive cells in plexiform pattern was non-significantly higher than that in follicular pattern. The mean percentage of PCNA-positive cells in plexiform and follicular patterns was significantly higher than that in cyctic and acanthomatous patterns. The frequency of PCNA-positive cells was significantly higher in the peripheral cells of follicular and plexiform patterns than in the central cells of both patterns (p < 0.01). Therefore, peripheral cells were regarded as reserve cell of central cells. The mean percentage of PCNA-positive cells in the epithelial lining of odontogenic keratocyst was not significantly different from those in the peripheral cells of follicular and plexiform patterns of ameloblastoma. In contrast, the odontogenic keratocyst exhibited a mean percentage of PCNA-positive cells which was statistically higher than that in other histological elements of ameloblastomas. The present study suggests that odontogenic keratocyst is regarded as benign odontogenic tumour.
Introduction
Ameloblastomas are rare epithelial tumours of presumed odontogenic origin, constituting between 11 and 18% of all odontogenic tumours [3, 21] . Although mostly benign neoplasms of the central jaw bones, they often show a destructive and recurrent behaviour [8] . A wide spectrum of histological patterns have been described for ameloblastoma [11] . These variations include follicular, plexiform, acanthomatous, granular cell, basal cell, unicystic, desmoplastic, and malignant types. Histologically ameloblastoma epithelium resembles that of the enamel organ of the developing tooth. The peripherally located tall columnar cells in the tumour follicles resemble developing ameloblasts of the tooth germ and the centrally located cells those of stellate reticulum.
Odontogenic keratocysts are thought to derive from the enamel organ or from the dental lamina [1, 14, 32] . Clinically, there are similarities with the ameloblastoma as to the age of the patient, the localization of the lesion, the radiographic picture, and the tendency for recurrence [22] . Odontogenic keratocysts are characterized by a high rate of recurrence [2, 5, 6, 22, 25] , which has been estimated to be between 6 and 60% [6, 33] . For the explanation of this recurrence, several papers investigating cell kinetics in the epithelial linings of odontogenic cysts have been reported using a variety of methods including mitotic activity [4, 15] , tritiated thymidine uptake [28] and immunocytochemistry on cryostat sections [16] . These observations, together with recent studies showing high levels of p53 expression [20] and high number of proliferating cell nuclear antigen positive cells [12, 13] indicated that the epithelial lining of odontogenic keratocysts may have some intrinsic growth potential not present in other odontogenic cyst linings. Indeed, it has been suggested that odontogenic keratocysts might be regarded as benign neoplasms [23] .
An understanding of the behaviour of odontogenic keratocyst and ameloblastoma is warranted due to their destructive clinical behaviour. The utilization of new immunohistochemical techniques is valuable in proving additional characterization of the tissue components of these lesions.
Proliferating cell nuclear antigen (PCNA) is a 36 kD nuclear protein, synthesized in late G1 and S phases of the cell cycle, whose expression is associated with DNA synthesis and cell proliferation [18, 31] . According to recent molecular biologic studies, PCNA is an essential protein for DNA replication, regulating the cell cycle [30] . PCNA reflects dysregulation of proliferative activity and/or some of the genetic changes. Therefore, PCNA expression has been generally used as a useful indicator to determine the biologic behaviour of various lesions [17, 19] . PCNA staining could be assessed from formaldehyde treated paraffin embedded histologic specimens using monoclonal antibody PC10 [7, 9] . PCNA has the advantage of preservation of the histologic constitution. If a cell population is in the high proliferative state, the sites of dysregulation of cell proliferation could be detected using immunohistochemical staining of PCNA.
Currently, few data exist on the occurrence of PCNA in odontogenic lesions [10, 12, 13] . The aim of the present study was to compare the frequency of PCNA-positive cells between odontogenic keratocyst and ameloblastoma. Additionally, we estimated the frequency of PCNA-positive cells among the histological and cellular elements of ameloblastomas.
Materials and methods

Tissues
Fifteen odontogenic keratocysts and 46 ameloblastomas were retrieved from the files of the Department of Oral Pathology, Nagasaki University School of Dentistry, and the Department of Pathology, Nagasaki University Hospital.
Histopathologic examination
All resected specimens were fixed in 10% formaldehyde solution for 18-48 h and embedded in paraffin. Each slice containing the lesion was cut to 3 µm in thickness and stained with hematoxylin and eosin and reviewed in detail microscopically. The histologic diagnosis of odontogenic keratocysts and ameloblastomas was classified according to the criteria defined by the 1992 World Health Organization's International Histological Classification of Tumours [11] .
Immunohistochemical PCNA staining
To investigate the cell proliferative state of odontogenic lesions, a mouse monoclonal antibody against PCNA (PC10, Dako Japan, Kyoto, Japan) was used for immunohistochemical staining of paraffin sections. Immunohistochemical staining was performed using the avidin-biotin-peroxidase complex (ABC) method. Sections were cut at 3 µm, mounted on poly-L-lysine-coated glass slides, and air dried overnight at 37 • C. They were deparaffinized through xylene and graded alcohols and treated for 10 min with methanol and 0.5% hydrogen peroxide to block endogenous peroxidase activity. The sections then were washed in phosphate-buffered saline (PBS), and normal horse serum was applied for 20 min to reduce non-specific antibody binding. PCNA staining was performed with a monoclonal mouse anti-PCNA antibody, PC10 (DAKO). PC10 diluted to 1 : 75 was incubated overnight at 4 • C in a moist chamber. Sections were washed extensively and incubated with biotinylated horse antimouse immunoglobulin G for 30 min. Subsequent incubation with avidin-biotin-peroxidase complex reagent (Vector Laboratories, Burlingame, CA) was performed for 30 min after extensive washing with PBS. Diaminobenzidinehydrogen peroxide (Sigma Chemical Co., St. Louis, MO) was used as chromogen, and methyl green counterstaining was added. Positive controls always included sections of human tonsil stained with and without the primary antibody. For negative controls, PCNA antibody was replaced with fetal calf serum in Tris-HCl buffer.
Immunohistochemical assessment
To estimate cell proliferative activity of the odontogenic keratocysts and ameloblastomas, at least 10 representative areas, each containing over 100 cyst-lining cells or tumour cells, were observed under high-power field (×40 objective and ×10 oculars) from the most evenly and heavily labelled areas. All positive cells were counted regardless of intensity of staining. A minimum of 1000 lesional cells were counted in each section, using a graticule to prevent duplicate counting. The percentage of PCNA positivity stained lesional cells was calculated. Statistical significance was assessed by the Student's t-test and a p value of < 0.05 was considered to be significant.
Results
Histology of odontogenic keratocyst and ameloblastoma
Histological examination of the odontogenic keratocysts showed palisading of the basal cell layer with nuclear polarization and a corrugated keratinized layer with alternating areas of orthokeratosis and parakeratosis. Variable amounts of keratin were seen in the cystic lumen. The PCNA-positive cells were evaluated in the basal, suprabasal and spinous layers of the cystic process. The histological patterns Table 1 of ameloblastoma observed in this study comprised the follicular, plexiform, cystic and acanthomatous patterns. Two or more histological patterns were frequently observed in the same patient. They were distributed as follows: follicular pattern, n = 37; plexiform pattern, n = 25; cystic pattern, n = 30; and acanthomatous pattern, n = 17. Tumour cells in the follicular and plexiform patterns were comprised of peripheral tall columnar cells and central stellate cells.
Comparison of the PCNA-positive cells among ameloblastoma cases
Results are summarized in Table 1 . Among the histological patterns of ameloblastoma, the mean percentage of PCNA-positive cells was highest in plexiform pattern (Fig. 1) and PCNA-positive cells were not found in the keratinized cells and metaplastic squamous cells of acanthomatous pattern (Fig. 2) . In plexiform pattern, there was a non-significant increase of mean percentage of PCNA-positive cells compared with that of follicular pattern (Fig. 3) . The mean percentage of PCNA-positive cells in the peripheral cells of follicular and plexiform patterns was significantly higher than that of central cells in follicular and plexiform patterns, respectively (p < 0.01). The statistically significant difference was observed in the mean percentage of PCNA-positive cells between epithelial lining cells in cystic pattern (Fig. 4) and neoplastic cells in follicular and plexiform patterns (p < 0.01).
Comparison of the PCNA-positive cells between odontogenic keratocysts and ameloblastomas
The mean percentage of PCNA-positive cells in the epithelial linings of odontogenic keratocysts (Fig. 5) was significantly higher than that in ameloblastomas (p < 0.01). The mean percentage of PCNApositive cells in the odontogenic keratocysts was higher than that in the peripheral cells of follicular and plexiform patterns, but none of the differences reached a statistically significant level. The odontogenic keratocysts exhibited a mean percentage of PCNA-positive cells which was statistically higher than those in the central cells of follicular and plexiform patterns and in the epithelial linings of cystic ameloblastomas (p < 0.01). 
Discussion
We have retrospectively investigated cell proliferation in odontogenic keratocyst and ameloblastoma, using PCNA immunohistochemistry. PCNA is a nuclear protein that is synthesized in advanced G1 and S phases of the cell cycle and is, therefore, correlated with the cell proliferative state [31] . Cell kinetic information has been shown to be an important factor in histologically based tumour classifications and also in the assessment of prognosis of malignant tumours [7, 29] . In the previous studies, a linear correlation between the percentage of PCNA-positive cells and S + G2 + M or S phase fraction measured by flow cytometry was recorded [9, 31] . Also found was a linear correlation between the percentages of PCNA-positive cells and BrdU-labelled cells [27] . These findings suggest that PCNA immunostaining may be used as a marker of cell proliferation in various tumours.
To our knowledge, few data exist on the comparative study of occurrence of PCNA-positive cells in the odontogenic keratocyst and ameloblastoma. The results of the present study, using clone PC10 on routinely fixed and processed tissues, demonstrate that epithelial linings of odontogenic keratocysts contain significantly higher numbers of PCNA-positive cells than the neoplastic cells of ameloblastomas. These results suggest greater proliferative activity in epithelial linings of odontogenic keratocysts, in accord with their more aggressive clinical behaviour. The higher number of PCNA-positive cells detected in odontogenic keratocysts is consistent with data from previous studies using mitotic counting, tritiated thymidine incorporation, and Ki67 and PCNA immunostaining methods [4, 12, 15, 16, 24, 28] . This, together with the known growth characteristics of odontogenic keratocyst in vitro [26, 28] and in vivo [23] , suggests that much of the PCNA detected in the epithelial linings of odontogenic keratocysts is associated with cell cycle-related DNA synthesis.
The distribution of PCNA-positive cells within epithelial linings of odontogenic keratocysts located predominantly in suprabasal layers. This pattern of PCNA expression is consistent with previous studies showing a predominant suprabasal distribution of tritiated thymidine incorporation, mitotic activity and Ki67 immunostaining within epithelial linings of odontogenic keratocyst [4, 16, 28] . Ameloblastoma and odontogenic keratocyst have some clinical features in common, such as location, age and degree of aggressiveness. These entities are derived from the same cell lineage and some histologic similarities are also present, including columnar basal cells with palisading and reverse polarization of their nuclei. The present study may support the theory by Shear [23] who suggested that odontogenic keratocysts may be regarded as benign odontogenic neoplasm. This could result in a significantly higher PCNA-positive cells in odontogenic keratocyst than that in ameloblastoma.
To date, data on the presence of PCNA-positive cells in ameloblastomas are scarce, with only two reports on this topic in the literature [10, 13] . More recently, Li et al. [13] reported that PCNA labelling index of solid ameloblastomas of follicular type was significantly higher than those of different epithelial components (cystic tumour lining, intraluminal nodules and invading islands) in unicystic ameloblastoma. This finding agrees well with the data obtained in the present study. Kim and Yook [10] demonstrated that there was no difference among the proliferating activities in the different histological types of solid ameloblastomas, such as follicular, plexiform, acanthomatous, basal cell and granular cell types. On the contrary, acanthomatous pattern in our investigation showed no immunoreactivity for PCNA. This discrepancy of PCNA labelling index in acanthomatous pattern between the investigation of Kim and Yook [10] and the present study may be explained by the different histological criteria of acanthomatous pattern. We strictly regarded only the area of keratinized and metaplastic squamous cells as an acanthomatous pattern. Interestingly, the present study indicated that the PCNA labelled cells in peripheral cells of follicular and plexiform patterns are significantly higher than those in central cells of both patterns. Thus the predominant distribution of PCNA-positive cells in peripheral cells of follicular and plexiform patterns could be regarded as reserve cell with proliferative activity in ameloblastoma.
